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Abstract: Narrow bandwidths and near diffraction limited beam divergence are demonstrated in
an elliptically pumped, diode-laser seeded, optical parametric generator. This represents a
significant step towards high-energy tunable infrared systems with favorable beam characteristics.
© 2002 Optical Society of America

OCIS codes: (190.4360) Nonlinear optics, devices

We report on a method to control both the bandwidth and the divergence of elliptically-pumped optical parametric
generation devices (OPG’s) using a diode laser seeding scheme. This source has important applications such as in
environmental sensing where propagating a beam over long distances is required, and where narrow bandwidth is
required for chemical species selectivity. Previous work with high-energy OPG’s has shown that elliptical pumping
is a viable means of scaling up the energy of OPG devices [1]. However, the use of large aperture pump beams
increases the size of the gain channel in the material for a given OPG interaction. This, in turn, allows multiple
noncollinear processes to see gain throughout the length of the material in addition to collinear processes. To
mitigate these effects, periodically poled lithium niobate (PPLN) crystals were poled with several separated gratings
that had the effect of limiting the noncollinear interactions. Even so, the collinear bandwidth for such devices is still
large and the beam divergence is that of a single one of the gratings. In the present work we use a diode laser co-
aligned with the pump laser to act as a spectral and spatial seed. The favorable narrowband and diffraction-limited
beam properties of the seed beam are shown to be transferred to the OPG output.

To demonstrate this experimentally the pump beam was supplied by a Q-switched Nd:YAG laser operating
at 10 Hz with 3.5-ns pulses. The operating wavelength was 1.064 um and the energy was 6 mJ. The laser beam
profile was a "top hat," and this was relay imaged onto a 30-cm focal length cylindrical lens. The cylindrical lens
focused the laser into a 3.2 mm x 200 pum (diameter) cross section. The pump beam was aligned through a 29.75-
um periodicity PPLN crystal. The PPLN aperture was 5 mm x 0.5 mm, and its length was 30 mm. A cw-diode
laser was co-aligned with the pump to have a slightly larger ellipticity to ensure overlap with the pump. The power
of the cw diode laser was varied up to 9 mW incident on the crystal..
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Fig. 1. Seeded and unseeded output of elliptically pumped OPG. Note unseeded intensity references the
right ordinate axis and is much lower in intensity than the seeded bandwidth.
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Figure 1 shows the output signal bandwidth of the OPG with and without seeding. It is clear from the
figure that seeding significantly reduced the bandwidth. The bandwidth is less than 1 cm™, limited by the resolution
of the monochromator. The energy in the signal and idler beams was measured to be 0.7 mJ when pumping with 8
mlJ, and seeding with 9 mW. The threshold for effective seeding was 0.5 mW incident on the crystal. The far-field
beam profile of the idler when seeded and unseeded was measured with an infrared camera, and is shown in figure
2. Figure 2 (a) shows that the beam divergence is nearly equal in the vertical and horizontal directions for the
unseeded idler. This indicates that the beam is far from diffraction limited and can be attributed to multiple
noncollinear processes that see significant gain. Because of the elliptical beam shape in the crystal, a diffraction-
limited beam would be highly asymmetric in the far field. A diffraction-limited beam should have a large
divergence in the vertical direction where the elliptical beam is small and it should have a small divergence in the
other direction. Figure 2 (b) shows that when the signal beam is seeded, the idler takes on the expected beam shape
in the far field of a diffraction limited beam. Note that two distinct beams can easily be seen. The crystal, AR
coated for the pump and signal, was not AR coated for the idler. This gives rise to an etalon effect, and coupled
with a slightly wedged crystal gives rise to multiple idler outputs. The divergence of the idler when seeded is 1.9
mrad (FWHM) in the narrow direction, which is 1.5 times diffraction limited. This, when compared to the 29-mrad
divergence of the idler when not seeded shows a great improvement in beam quality.
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Fig. 2. Far-field profile of the idler: a) unseeded b) seeded. Note that the seeded profile required higher
attenuation in front of the camera to avoid saturation.

In conclusion, we demonstrate a viable path to generating high-energy and narrow-bandwidth in the mid-IR
with a simple system. This will have an impact on laser remote sensing applications that require high energy and
good beam characteristics.
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